Preschool vision screenings often include refractive error or visual acuity (VA) testing to detect amblyopia, as well as alignment testing to detect strabismus. The purpose of this study was to determine the effect of combining screening for eye alignment with screening for refractive error or reduced VA on sensitivity for detection of strabismus, with specificity set at 90% and 94%. METHODS. Over 3 years, 4040 preschool children were screened in the Vision in Preschoolers (VIP) Study, with different screening tests administered each year. Examinations were performed to identify children with strabismus. The best screening tests for detecting children with any targeted condition were noncycloplegic retinoscopy (NCR), Retinomax autorefractor (Right Manufacturing, Virginia Beach, VA), SureSight Vision Screener (Welch-Allyn, Inc., Skaneateles, NY), and Lea Symbols (Precision Vision, LaSalle, IL and Good-Lite Co., Elgin, IL) and HOTV optotypes VA tests. Analyses were conducted with these tests of refractive error or VA paired with the best tests for detecting strabismus (unilateral cover testing, Random Dot "E" [RDE] and Stereo Smile Test II [Stereo Optical, Inc., Chicago, IL]; and MTI PhotoScreener [PhotoScreener, Inc., Palm Beach, FL]). The change in sensitivity that resulted from combining a test of eye alignment with a test of refractive error or VA was determined with specificity set at 90% and 94%. RESULTS. Among the 4040 children, 157 were identified as having strabismus. For screening tests conducted by eye care professionals, the addition of a unilateral cover test to a test of refraction generally resulted in a statistically significant increase (range, 15%-25%) in detection of strabismus. For screening tests administered by trained lay screeners,
the addition of Stereo Smile II to SureSight resulted in a statistically significant increase (21%) in sensitivity for detection of strabismus. CONCLUSIONS. The most efficient and low-cost ways to achieve a statistically significant increase in sensitivity for detection of strabismus were by combining the unilateral cover test with the autorefractor (Retinomax) administered by eye care professionals and by combining Stereo Smile II with SureSight administered by trained lay screeners. The decision of whether to include a test of alignment should be based on the screening program's goals (e.g., targeted visual conditions) and resources. (Invest Ophthalmol Vis Sci. 2007;48:3115-3125) DOI:10.1167/iovs.06-1009 S trabismus has been reported to affect approximately 4% of children. [1] [2] [3] It can result in psychosocial, developmental, and psychological, as well as visual sequelae (e.g., amblyopia and/or loss of depth perception). 2,4 -6 Referral can be delayed due to the misconception that children will outgrow strabismus. 4, 6 To promote early detection and treatment of vision problems such as amblyopia and strabismus, the American Academy of Pediatrics (AAP) Committee on Practice and Ambulatory Medicine 7 recommended a series of eye evaluations, including infant fixation and cover test, leading to eye evaluations in children 3 years of age or older to include "age-appropriate visual acuity measurement" and "ocular motility assessment." The U.S. Preventive Services Task Force 8 recommends screening "to detect amblyopia, strabismus, and defects in visual acuity in children younger than 5 years."
Phase I of the Vision in Preschoolers (VIP) Study evaluated 11 preschool vision screening tests and showed that tests of refractive error and visual acuity (VA) performed best overall in identifying preschool children with one or more targeted conditions (amblyopia, strabismus, significant refractive error, and/or unexplained reduced VA) as well as the most severe conditions. 9, 10 Phase II of the VIP Study showed that combining a test of stereopsis with a test of VA or refractive error did not improve sensitivity for detecting one or more targeted conditions. 11 However, vision screenings currently used in preschool children often include eye alignment testing to detect strabismus and binocularity problems 7, 9, [12] [13] [14] [15] [16] [17] and the effect of including a test of ocular alignment on sensitivity for specifically detecting strabismus has not yet been determined. Therefore, the purpose of this study was to determine the effect of combining tests of eye alignment with tests of refractive error or VA (which performed best overall in identifying preschool children with one or more targeted conditions) on sensitivity for detecting strabismus in preschool children. Effects on overall sensitivity for detection of one or more targeted conditions and the most severe conditions are also considered.
METHODS
The methods of phases I and II of the VIP Study have been described previously. 9, 11 Only the methodologic features with direct relevance for evaluating the results presented in this report are provided herein.
Subjects
Participants were 4040 preschool children who were enrolled in Head Start near a VIP clinical center (Berkeley, CA; Boston, MA; Columbus, OH; Philadelphia, PA; or Tahlequah, OK) and who were 3 to Ͻ5 years of age on September 1 of a data-collection year (2001, 2002, or 2003) . All children who failed and a sample of children who passed the routine Head Start visual screening were invited to participate. 9, 11 The research adhered to the tenets of the Declaration of Helsinki and was approved by the local institutional review board(s). Each child's parent or guardian provided written informed consent. Each child was eligible to participate only once.
Procedures
Vision Examination. Each child who participated received a standardized comprehensive eye examination by a licensed eye care professional (optometrist or ophthalmologist) who was experienced in working with young children, was masked to the child's screening Children were classified as having one or more targeted conditions (amblyopia, strabismus, significant refractive error, or unexplained reduced VA) or normal vision. Definitions for the targeted visual conditions have been published previously 9, 18 and are summarized and clarified in Table 1 . Severity of conditions was also ranked hierarchically (Table 1) .
Vision Screening. Children were administered screening tests of refractive error, VA, and ocular alignment. In each year, the screeners were masked to whether the child had passed the Head Start screening and whether the child wore glasses. Licensed eye care professionals, who had completed training in performing screening tests according to VIP Study standardized protocols, administered 11 screening tests during years 1 and 2 (phase I). In phase I of the VIP Study, the sensitivities of the screening tests were compared (at specificities set at 90% and 94%) to determine which tests performed best in the detection of one or more targeted conditions, the most severe (group 1) conditions, and each targeted condition. For the purposes of this report, the tests included in the analysis are the tests with the highest sensitivity for detection of one or more targeted conditions (each of which involves assessment of refractive error or VA) and the tests of ocular alignment with the highest sensitivity for the detection of strabismus.
In year 1, the best tests for detection of one or more targeted conditions were noncycloplegic retinoscopy (NCR), Retinomax autorefraction (Right Manufacturing, Virginia Beach, VA), and Lea Symbols (Precision Vision, LaSalle, IL and Good-Lite Co., Elgin, IL) and HOTV VA tests (both in a crowded, isolated line format), and the best tests for the detection of strabismus included these four tests as well as cover-uncover test (CT) and Random Dot "E" (RDE; Stereo Optical, Inc., Chicago, IL) stereoacuity. In year 2, the best tests for detection of one or more targeted conditions were the Retinomax autorefractor and SureSight Vision Screener (Welch-Allyn, Inc., Skaneateles, NY), and the best tests for strabismus included these two tests as well as the MTI PhotoScreener (PhotoScreener, Inc., Palm Beach, FL) and the Stereo Smile Test II (Stereo Optical, Inc.). 9 Screening tests in year 3 (phase II) were administered by nurse and lay screeners who had completed training in performing screening tests according to VIP Study standardized protocols. The screening tests selected for phase II (Retinomax, SureSight Vision Screener, and Lea Symbols VA testing) were those tests that had performed best in years 1 and 2 when administered by a licensed eye care professional but did not require extensive training. Stereo Smile Test II stereoacuity testing was also included because of its sensitivity in detecting strabismus in phase IA.
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Statistical Analysis. The change in sensitivity that resulted from combining the results of each of the best tests of refractive error or VA with the results of each of the best tests of ocular alignment was determined for the detection of strabismus, one or more targeted conditions, and the most severe (group 1) conditions, compared with the sensitivity from a test of refractive error or VA alone. Analyses were performed with specificity set at 90% and at 94%. When the results of two screening tests were combined, failure criteria were adjusted so that failure on either of the tests provided the desired level of specificity. Analysis could be performed only of the results of tests administered within the same data-collection year (i.e., on the same children).
Because multiple tests were performed for the test of change in sensitivity due to combining tests, we used the Hochberg procedure (a less conservative and more powerful procedure than the Bonferroni method) to adjust the probabilities from multiple comparisons and to control the overall type I error (0.05, two-sided). 19 This procedure was executed with commercial software (PROC MULTTEST in SAS/STAT 9.1; SAS Institute, Inc., Cary, NC).
RESULTS
In VIP years 1 to 3, 157 children with strabismus were identified by standardized comprehensive eye examination (Table 2) . For each year of the study, the characteristics of the strabismus (e.g., frequency, direction, and magnitude) and the prevalence of coexisting significant refractive error or amblyopia are shown in Table 2 . These characteristics may affect the likelihood that children with strabismus would be identified by a test of refractive error or VA alone. Table 3 shows the prevalence of amblyopia among children with various forms of strabismus. Of 17 intermittent strabismic children with amblyopia, 10 (58.8%) had a coexisting amblyogenic refractive error. Table 4 shows the distribution of strabismus and other VIP targeted conditions in children who passed and failed the initial Head Start vision screening. The majority of children (range, 72%-93%) with VIP targeted conditions had failed Head Start vision screening. Some children were not testable on each screening test of ocular alignment and the distribution of constant strabismus and strabismic amblyopia among testable and untestable children is shown in Table 5 . Figures 1 and 2 show the change in sensitivity for detection of strabismus resulting from combining each of the best-performing tests of ocular alignment with each of the best-performing tests of refractive error or VA for each year at 90% and 94% specificity, respectively. Analysis was performed for RDE, but the results are not presented because combinations with the RDE stereoacuity test generally resulted in no change or a decrease in sensitivity. In addition, the set specificity level of 90% or 94% often could not be attained in combinations with the RDE.
At 90% specificity, statistically significant increases in sensitivity for detection of strabismus were found for the combinations of Retinomax and CT (16% increase, P ϭ 0.038), SureSight Vision Screener and MTI PhotoScreener (18% increase, P ϭ 0.014), SureSight Vision Screener and Stereo Smile Test II (20% increase, P ϭ 0.01), and Lay screener administration of the SureSight Vision Screener and Stereo Smile Test II (21% increase, P ϭ 0.023). 
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With specificity set at 94% (or the closest possible specificity that was attainable), statistically significant increases in sensitivity for detection of strabismus were found for the combinations of NCR and CT (21% increase, P ϭ 0.008), Retinomax and CT (25% increase, P ϭ 0.008), Lea Symbols VA and CT (25% increase, P ϭ 0.008), HOTV VA and CT (31% increase, P ϭ 0.0008), Retinomax and MTI PhotoScreener (16% increase, P ϭ 0.04), and Retinomax and Stereo Smile Test II (18% increase, P ϭ 0.009). Specificity of 94% could not be precisely attained for the combinations of Retinomax and CT (93%), Lea Symbols VA and CT (93%), HOTV VA and CT (91%), and Retinomax and MTI PhotoScreener (93%). In year 3 (lay screener administration of tests), 94% specificity was not attainable for any test combinations. For test combinations that resulted in a statistically significant increase in sensitivity for detection of strabismus, further analysis was performed to determine the change in sensitivity for detection of constant strabismus resulting from combining each of the best-performing tests of ocular alignment with each of the best-performing tests of refractive error or VA for each year at 90% and 94% specificity (see Figs. 3 and 4) .
As shown in Table 6 , analysis of sensitivity for detection of one or more targeted conditions and the most severe conditions at 90% specificity revealed statistically significant increases in detection of the most severe conditions for lay screener administration of the Retinomax plus Stereo Smile Test II (6% increase, P ϭ 0.014) and lay screener administration of the SureSight Vision Screener plus Stereo Smile Test II (7% increase, P ϭ 0.006). As shown in Table 7 , analysis of sensitivity for detection of one or more targeted conditions and the most severe conditions at 94% specificity revealed statistically significant increases for HOTV VA and CT (13% increase, P ϭ 0.0006; 17% increase, P ϭ 0.0006, respectively). However, it should be reiterated that 94% specificity was not attainable for HOTV VA and CT (91% was the maximum attainable specificity).
As shown in Tables 8 and 9 , the adjustments to failure criteria required to maintain the same level of specificity (which is necessary for a fair comparison of sensitivities) were generally small. 9 Information was not collected regarding whether children had been receiving eye care, but was collected regarding spec- 
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tacle wear. Approximately 32% of the children with strabismus were wearing glasses (and therefore presumably had seen an eye care professional). The majority (range, 60%-100%; average 73%) of children newly identified by the addition of a test of alignment were not currently wearing spectacles, and it is not known whether these children were currently under care for strabismus.
DISCUSSION
Vision screenings currently used in preschool children often include eye alignment testing to detect strabismus and binocularity problems 7, 9, [12] [13] [14] [15] [16] [17] and it is important to consider the effect of adding a test of ocular alignment on sensitivity for specifically detecting strabismus. While the goal of combining tests is often to increase sensitivity, the possible disadvantage of increasing false positives and unreadable or uninterpretable rates and costs must also be considered.
Because amblyopia and strabismus have been found to be associated frequently with significant refractive error (Table  2) , 9 ,10 many children with strabismus were identified by the best tests of refraction or VA alone. However, combining the unilateral CT, MTI PhotoScreener, or Stereo Smile Test II with a refractive error or a VA screening test generally resulted in increased sensitivity for the detection of strabismus (increases ranged from 6% to 31%). The greatest and most consistent increases in sensitivity for detection of strabismus were found with the addition of the unilateral CT. Therefore, these results agree with Brooks' report regarding screening tests for strabismus that the unilateral cover test was "the most sensitive and specific." 4 Combinations with the RDE stereoacuity test generally resulted in decreased sensitivity; however, this may be at least in part due to the reduced testability when the RDE was used with some of the youngest children in this population. 9 Approximately 38% of the children with strabismus were amblyopic. It is not known how many of those in this study had had the condition identified by parents 20 or other professionals and were under care versus those in whom it was newly identified by the vision screening. Approximately one third of the children with strabismus in this population were wearing spectacles and were presumably under the care of an eye care professional. This refractive treatment alone could provide substantial reductions in amblyopia. 21 Furthermore, earlier detection of certain refractive errors may prevent the development of amblyopia. 22 Therefore, such children may be detected as having the amblyogenic factor, but no longer have the amblyopia detectable with an acuity test. The majority of children detected by the addition of a test of alignment were not wearing spectacles (range, 60%-100%; average, 73%) and it is not known if any of these children were currently under care. One factor that must be considered in the decision of whether to add a test of alignment to increase sensitivity for the detection of strabismus is the expected prevalence of undetected strabismus in the population of children to be screened.
One should also consider the added time and expense of adding a screening test of alignment. The administration time for unilateral cover testing (without prism neutralization) is approximately 1 minute, and the administration times for the Stereo Smile Test II and MTI PhotoScreener have been reported to be 3 minutes 11 and 2.5 minutes, 23 respectively. When administering the MTI PhotoScreener, the screener must also allow time (3 minutes) for the Polaroid film to develop properly and ensure that the image is acceptable. Although this additional time would not be expected to result in fatigue in the children being screened, it could have a significant impact on personnel time and costs if a large number of children must be screened. The cost of the personnel needed to administer the test must also be considered. A CT can be reliably performed only by a highly trained examiner; therefore tests, such as the Stereo Smile Test II which can be administered by trained lay-staff screeners may have a lower total personnel cost. Expenses include the cost of the equipment as well as the cost of additional personnel time. The cost of the tests of alignment included in this study varies widely from approximately $30
for an occluder and pediatric fixation targets, to approximately $500 for the Stereo Smile Test II, to approximately $5000 for the MTI PhotoScreener. Additional costs for the MTI include the Polaroid film (for each child screened), photograph interpretation (per child screened if the screener is not trained/skilled in interpretation) and possibly a carrying case, extra battery, and maintenance contract. Depending on the screening environment, additional costs to control lighting may be incurred. For example, a stand lamp may be needed to ensure adequate lighting for stereoacuity testing or curtains may be needed for MTI PhotoScreener administration to ensure that the area is adequately dark. Finally, antibacterial wipes may be needed to clean screening equipment between children (such as the occluder in the CT). For test combinations that resulted in a significant increase in sensitivity for detection of strabismus, the effect of a test combination on sensitivity for detection of one or more targeted conditions must also be considered. Although a statistically significant increase in detection of both strabismus and one or more targeted conditions would be ideal, any increase in sensitivity for detection of strabismus should be accompanied by at least a corresponding small increase in sensitivity for detection of one or more targeted conditions, unless the failure criteria associated with the new test combination resulted in the detection of strabismus at the expense of failing to detect one or more other conditions. For example, if there were 500 children with one or more targeted conditions, 50 children with strabismus and a test combination resulted in a 20% increase in sensitivity of If an increase of approximately that magnitude is not observed, then some of the children with newly detected strabismus were identified at the expense of failing to detect one or more other conditions. Similarly, the effect of a test combination on sensitivity for detection of the most severe conditions must also be considered. Although a statistically significant increase in detection of both strabismus and the most severe conditions would be ideal, an increase in sensitivity for detection of strabismus may not be associated with a statistically significant increase in detection of the 
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most severe conditions, because not all strabismus was classified as one of the most severe conditions (Table 1) . Nevertheless, one should not see a decrease in sensitivity for detection of the most severe conditions. For licensed eye care professionals, addition of CT to screening with Retinomax met these criteria at 90% and 94% specificity, although the increases in sensitivity for detection of one or more targeted conditions and the most severe conditions were not statistically significant. For trained lay screeners, the SureSight Vision Screener combined with the Stereo Smile Test II best met the criteria. This combination resulted in a significant increase in detection of strabismus (approximately nine children), a small increase in detection of one or more targeted conditions (approximately six children) and a significant increase in the detection of the most severe conditions (approximately nine children). Although the increase in detection of one or more targeted conditions was slightly lower than expected, it is noteworthy that any increases in detection of strabismus were at the expense of failing to detect children with group 2 or 3, rather than group 1, conditions ( Table 1) .
CONCLUSION
For vision screening tests of refraction or VA administered by eye care professionals, the most efficient and low-cost way to achieve a statistically significant increase (16%-25%) in the sensitivity for detection of strabismus was achieved by the addition of the unilateral cover test to the Retinomax. For trained lay screeners, the addition of Stereo Smile Test II to the Sure Sight Vision Screener resulted in a statistically significant increase (21%) in the sensitivity of detection of strabismus at 90% specificity and a statistically significant increase (7%) in the sensitivity for detection of the most severe conditions. The decision of whether to include a test of alignment should be based on the screening program's goals (e.g., targeted visual conditions) and resources. Any child whose acuity score was equal to or worse than the value shown was scored as failing the screening test. 
